Systemic arterial blood pressure measurements are necessary for the diagnosis and surveillance of hypertension, and also constitute one of the sets of variables used for monitoring the cardiovascular system in the perioperative period. Indirect measurement of systolic and diastolic blood pressure should be carried out around the time of the preoperative visit. If an elevated blood pressure is recorded on admission, blood pressures should be checked regularly to determine whether or not the patient is hypertensive. Elective surgery need not be postponed if the hypertension is not severe and there is no other evidence of cardiovascular or renal disease. However, in all cases in which there is evidence of hypertension the anaesthetist should consider additional monitoring and should confirm the availability of drugs such as shortacting alpha and beta blockers. In patients already on anti-hypertensive drugs, steps should be taken to ensure that treatment is continued up to the time of induction of anaesthesia, and is maintained in the postoperative period. Blood pressure may be labile in these patients, especially around the time of induction and endotracheal intubation. Consideration should be given to the institution of direct arterial pressure measurement before induction in hypertensive patients if the patient is elderly, if hypertension is severe or labile, or if major surgery is planned. All previously undiagnosed hypertensive patients should also be referred postoperatively for investigation and management of their hypertension.
In all patients, whether hypertensive or not, the blood pressure should be measured around the time of the preoperative assessment, immediately before and after induction of anaesthesia, at intervals during anaesthesia, on arrival and before leaving the recovery ward, and as often as deemed necessary while in the recovery ward. Routine measurements should be made using a noninvasive, indirect method. Care should be taken to use a snugly fitting cuff of appropriate width (about 40% of the circumference of the arm). It is acceptable practice during stable anaesthesia and uneventful surgery to measure and chart only the systolic blood pressure. Measurement of systolic pressure may be by auscultation, or by detection of reappearance of pulsatile blood flow during cuff deflation. It is important to realise that all noninvasive methods are imprecise, and may yield systolic, diastolic, and even mean values which may be in error by up to 30%.1,2 It should be noted that mean blood pressure can be normal with marked peripheral vasoconstriction when no radial pulse is palpable, when Korotkov sounds are absent, and when oscillations are imperceptible, 3 Measurements based on oscillometry have, in the past, been thought to be more accurate than those based on auscultation, However, it is now recognised that they are subject to the same intrinsic variability and imprecision as those based on auscultation, Diastolic pressures measured by oscillometry are particularly suspect and were rated 'clinically useless' in one study. 4 Automated sphygmomanometers produce results as imprecise and variable as those obtained with 'manual' methods. In addition, some devices are very difficult to calibrate and therefore cannot easily be checked, Before induction and when unexpected readings are obtained it should at least be confirmed that the automated device is yielding results similar to those obtained by a 'manual' method. As most automatic devices use the oscillometric method, diastolic measurements are particularly suspect. In a recent study of six automated devices, errors in mean pressure ranged from -30% to + 40% and five failed to meet a standard recently proposed in the U .S.A. 5 Low mean blood pressures were usually overestimated and high mean pressures were usually underestimated, Although trends in mean blood pressure were adequately tracked in some patients, in others substantial errors were encountered in both directions at different times. 5 Further problems are that erroneous results are produced in patients with irregular dysrhythmias,5 that nerve palsies may be produced with frequent measurements for prolonged periods 5 and that the Anaesthesia and Imensil'e Care, Vol. 16, No. I, February, 1988 devices may 'default' when needed most. However, they are convenient, as regular blood pressure readings are provided when the anaesthetist is busy or distracted, and when access to the patient is difficult. As the readings produced are probably no more variable or imprecise than those produced using a standard sphygmomanometer and stethoscope, they may be used where the increased convenience is thought to justify the cost. 5 As all non-invasive methods are imprecise, and as they tend to become more so with high or low blood pressures, direct measurements from an intra-arterial cannula should be used if accurate values are required. Consideration should be given to the direct measurement of blood pressure in seriously ill patients, in patients with significant left ventricular disease or hypertension, in patients undergoing major or prolonged surgery, in patients in whom deliberate hypotension is planned, and in patients in whom sudden haemodynamic disturbances or substantial blood loss may occur. Alien's test may be performed to determine into which radial artery insertion of the cannula should first be attempted. However, a negative Alien's test does not necessarily mean that direct monitoring should be abandoned. 6 The relevant hand should be observed in any event after insertion of an arterial cannula, and consideration should be given to removal of the cannula ifperfusion is threatened. Cannulation of a brachial or femoral artery may also be considered. Accurate mean arterial measurements may be obtained cheaply and simply with a calibrated aneroid gauge ( Figure 1) appropriate instrumentation to integrate the area under the arterial pressure trace ( Figure 2 ). Static calibration should be carried out before use, and care must be taken to use an identifiable 'zero point' on the patient. In this way, accurate 'on-line' mean pressures are easy to obtain and can provide extremely useful information at a glance in difficult clinical situations. Although most clinicians are more familiar with systolic and diastolic, rather than mean values for blood pressure, accurate systolic and diastolic measurements are far harder to obtain, as most cannula-transducer-recorder combinations are second-order underdamped systems with relatively low resonant frequencies (5-20 Hz).7 Some systems in common use may overread systolic pressures and underread diastolic pressures by as much as 30%.7 A second order system is one which tends to oscillate after being displaced; the resonant frequency of such a system is that at which it oscillates freely. The damping coefficient is an index of the tendency of the system to prevent or reduce these oscillations. A system in which a short, wide, stiff cannula is connected to a transducer with a stiff low volume displacement diaphragm has a high resonant frequency. A large fluid mass, compliant or elastic tubing, air bubbles and long narrow bore connectors providing a lot of frictional resistance to motion, all tend to reduce the resonant frequency and increase the damping coefficient of a system. If accurate systolic and diastolic DAMPING DEVICE FIGURE 3.-A system for determining the frequencyamplitude response of patient monitoring equipment is shown. Sine waves are generated in a fluid-filled chamber into which a reference transducer has been screwed, and two 20-gauge arterial cannulae have been glued. These are attached by typical pressure tube-stopcock, fast-flush device arrangements to identical pressure transducers; in the system on the left an impedance matching damping device has been included above the stopcock. The traces are of frequency-amplitude relationships. Trace 1 shows the underdamped response of this system, which has a resonant frequency of 15 Hz. This is a typical underdamped second order system which would overestimate systolic blood pressure in many patients. Trace 2 shows the response once the system has been optimally damped by adjustment of the impedance matching device; in this form the system is 'flat' to 10Hz, and is adequate to record amplitudes of arterial waveforms at heart rates of up to 120 per minute. Trace 3 shows the response of the reference transducer and the un filtered amplifier-recorder system. The accurate reproduction of this waveform confirms that the test system is adequate over the frequencies tested.
measurements are required, it is necessary to ensure that the resonant frequency and damping coefficient of the system are appropriate before each measurement is made. Fourier demonstrated that all complex waveforms may be mathematically resolved into a serie~ of sine waves of various frequencies. Each of these frequency components is a multiple of fundamental frequency and is characterised by a maximum amplitude. For faithful reproduction of the shape of all arterial waveforms, accurate reproduction of the first 10 harmonics of the fundamental frequency (i.e. heart rate) is necessary; however, for amplitudes rather than shapes, accurate reproduction of only the first five harmonics of the fundamental frequency is generally required (i.e. 10Hz at a heart rate of 120 per minute).8 In practice, 'accurate reproduction' up to 10Hz means that a sine wave should be reproduced by the system with an amplitude that lies within 5% of its initial amplitude when the system is being driven at 10 sine waves/second. The system in Figure 3 has a resonant frequency of 15 Hz. With this underdamped system (top trace), a sine wave is reproduced accurately only up to a driving frequency of 10 to 20% of the resonant frequency of the system (i.e. 3 Hz); this arrangement would yield erroneous systolic and diastolic blood pressures if used clinically. However, if the system is 'optimally damped' (middle trace), a sine wave is accurately reproduced at a driving frequency of up to two-thirds of the resonant frequency (i.e. 10Hz). Clinically acceptable systolic and diastolic blood pressures would thus be obtained.
In practice a fluid-filled system comprising a 4 cm 20-gauge non-tapered arterial cannula In panel (b) the response to an optimally damped (D = 0.66) system is shown; when D = 0.66 the overshoot is 6% of the initial applied pressure. Also at this damping coefficient, all the harmonics in a complex pressure waveform are delayed by an approximately equal time interval. In panel (c) the response in a critically damped (D = 1) system is shown; when D = 1 the system just fails to oscillate. In panel (d) the response to a first order system, or to an overdamped system (D < < 1) is shown.
Anaesthesia and Intensive Care. Vo/. 16, No. I, February, 1988 connected to a low volume displacement pressure transducer by non-compliant pressure tubing less than 100 cm long, a suitable three-way stopcock, and a fast-flush device constitutes an adequate system. Meticulous care must be taken to ensure that no air bubbles are trapped anywhere, and it is necessary to ensure that the amplifier-recorder system has an adequate response at a suitable band width. In practice, for amplitude measurements, a system capable of accurately reproducing sine waves at frequencies up to 20 Hz for a pen deflection of 60 mmHg equivalent is adequate.
Having established that the measuring system as a whole has an adequate frequency response, its resonant frequency and damping coefficient should be checked at the bedside before each measurement. This is necessary because the arterial cannula may be kinked or distorted, its tip may be impinging on the wall of the artery or be partially obstructed, there may be air in the fluid-filled connecting system, or there may be a stenosis in a connector or tap. Any or all of these would reduce the resonant frequency and increase the damping coefficient of the system.
The resonant frequency and damping coefficient of the system may be determined by providing a square-wave perturbation to the system. Opening the bypass channel of a catheter fast-flush device and then allowing it to snap shut will provide a square-wave. The resonant frequency of the system is then determined from the interval between succeeding oscillations (paper speed divided by pressure cycle length). The damping coefficient may be read off a graph ( Figure 5 ) after the amplitude ratio of successive oscillations has been determined, 7 or by ensuring that the percentage overshoot after a square wave is about 6% of its initial amplitude (Figure 4 ). Commercially available devices which allow the graded introduction of a parallel impedance to the system allow the damping coefficient to be adjusted without altering the resonant frequency. These devices consist of a small sealed air bubble and an adjustable needle valve resistor (Figure 3 ). The practice of producing constrictions in connecting catheters or introducing air bubbles into the system to increase damping is not very satisfactory as it also reduces the resonant frequency of the system. Accurate systolic and diastolic pressures are thus quite difficult and time-consuming to obtain. If the necessary steps have not been taken, it is of great importance to prevent the common practice of instituting treatment on account of systolic blood pressures which are artefactually elevated by resonating catheter transducer systems; this requires great vigilance when the false value is prominently displayed. Even if accurate systolic and diastolic values are obtained, interpretation of Anaesthesia and Intensive Care, Vo!. 16 their significance may not be easy, as each may have several independently varying determinants; furthermore the systolic pressure in the radial artery, for example, may be quite different from that in the aortic root or the circle of Willis. In practice, mean pressures, which do not vary greatly in different vessels, will suffice in most situations in which direct blood pressure measurements are needed.
